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This study aimed to identify biological contaminants of banana in vitro cultures. We also tested the effect of Zn or ZnO nanoparticles 
on elimination of some bacterial and fungal contaminants and their influence regeneration. Nine strains of bacterial contaminants 
(Cellulomonas uda, Cellulomonas flarigena, Corynebacterium panrometabolum, Bacillus megaterium, Staphylococcus spp., 
Klebsiella spp., Erwinia cypripedii, Pseudomonas spp. and Proteus spp.) and four fungal (Fusarium spp., Aspergillus spp., 
Penicillium spp. and Candida spp.) contaminants were identified in nanoparticles-free media of banana in vitro cultures. They 
eventually led the explants death. The contamination-free cultures of banana in vitro cultures were obtained as a result of application 
of nano Zn and ZnO particles to the culture MS media, with no negative effect on regeneration. The callus growth decreased while 
total proline as well as SOD, CAT and POX activities were increased significantly, when the nanoparticles doses increased. The 
highest percent of somatic embryogenesis was observed in MS media supplemented with 100 mg/L nano Zn followed by nano ZnO. 
Excellent shooting, rooting and regenerated plantlets were observed also in MS+100 mg/L nano Zn and ZnO. Regenerated plantlets 
were successfully acclimatized with about 98% efficiency for the experimental period (one month). Nanoparticles treated somaclones 
accumulated more proline, chlorophyll, antioxidant enzymes activity and developed more dry weight accumulation than the control. 
In conclusion, the microbial contaminants in banana in vitro culture can effectively be eliminated by incorporation of nano Zn and 
nano ZnO particles on growth media at different concentrations. However, 100 mg/L dose was preferable because it showed the best 
effects on increasing the regeneration of plantlets with well-formed root systems. Further studies are needed to investigate the 
mechanisms and the side effects of nanoparticles on genetic stability of banana in vitro cultures. 
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Plant cells growing in vitro are considered to be under some 
degree of stress and may be predisposed to direct infection, 
even by microbes which are not normally pathogenic to them. 
Thus, microbial contaminants are the major challenges in 
plant’s in vitro propagation during different stages of culture 
processes such as initiation of callus and sub-culturing. It was 
reported that, sub-culturing process is a major source of 
contamination (5-15% for each sub-culture) due to 
insufficient sterilization of explants, growth media, working 
tools and operators (Omamor et al., 2007). Ödutanyo et al. 
(2004) found that the major bacterial contaminants are 
Pseudomonas syringae, Bacillus lichensformic, B. subtilis, 
Comebacterium sp. and Erwinia spp. while Alternaria tenius, 
Aspergillus niger, Aspergillus fumigates and Fusarium 
culmorum have been reported to be the major fungal 
contaminants frequently occur in plant tissue culture 
(Msogoya et al., 2012). In banana (Mousa sapientum, L.), 
huge number of explants are destroyed in the cultures due to 
endogenous microbial contaminants. It was reported that 
about 40-60% of banana in vitro cultures lost in spite of using 
main aseptic reliable procedures (Msogoya et al., 2012). 
Moreover, the growth media, in which the plant tissue is 
cultivated, is also a source of nutrients for microbial growth, 
both original constituents of the medium and exudates from 
the plant cells. Thus, pathogens, endophytes, epiphytes and 
incidental contaminants may all occur and interfere with 
growth of the plant tissue culture and compete for nutrients. 
In addition, some of them produce phytotoxins which result 
in culture mortality, tissue necrosis and reduces shoot 
proliferation and rooting (Khane 2003). For instance, 
Aspergillus niger and A. flavus have reportedly produced 
oxalate and aflatoxin poison, respectively, that kill plant 
tissues (Obuekwe and Osagie 1989). To date, production of 
banana plants through in vitro micropropagation has become 
routine work in commercial planting in many private sectors 
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of Egypt. Most of these works have been hampered by 
microbial contaminants. Generally, surface sterilization of the 
explants eliminates most epiphytic contaminants except 
endophytic ones (Habiba et al., 2002). An application of 
systemic fungicides before the collection of plant materials 
can suppress microbial contaminants in plant in vitro cultures 
(Mngomba et al., 2007).  
However, microbial contaminants at the base of the 
explants and around them are a great problem. Alternatively, 
an incorporation of antibiotics and antifungal into the growth 
media of plant cultures has been suggested to eliminate 
microbial contaminants (Habiba et al., 2002). Moreover, 
toxicity of nanoparticles was also suggested for their 
sensitivity, simplicity, low cost and suitability for unstable 
chemicals or samples (Brunner et al., 2006). Nanotoxicology, 
an emerging discipline is receiving increasing attraction and 
has been the research focus of many publications (Wu 2003; 
Nel et al., 2006). Engineered nanoparticles can be grouped 
into four types. The metal based materials such as nanogold, 
nanozinc (nano Zn) and nanoscale metal oxides like ZnO and 
Al2O3 are among common nanoparticles (USEPA, 2005). 
Some nanoparticles, such as Fullerene and TiO2 have been 
widely used as test materials to reveal their nanotoxicity 
mechanisms. However, available information on the topic is 
too scarce to reach any consensus on nanotoxicity and its 
mechanism, particularly for the nano Zn and nano ZnO 
particles which used in this study. These nanoparticles 
generally showed negative effects on the tested target 
organisms or cell despite in different treatment methods used 
(Yang and Watts 2005 and Wang et al., 2006) and have a 
dose dependent response (USEPA, 2005). There are many 
unresolved issues and challenges concerning the biological 
effects of nanoparticles (<100 nm). Attentions to the 
appropriate experimental design and interpretation are needed 
to provide a defensible scientific understanding of the 
biological effects of nanoparticles (Murachov, 2006). 
Therefore, the objectives of this study were (1) to provide 
new information about phytotoxicology of nano Zn and nano 
ZnO particles incorporated into the growth media; (2) 
identification of bacterial and fungal contaminants of banana 
in vitro cultures; and (3) to evaluate the efficacy of these 
nanoparticles on the explants regeneration. 
 
Results and Discussion 
 
Identification of microbial contaminants 
 
Presence of bacterial and fungal contaminants was noticed 
only in nanoparticles-free media (control) throughout the 
developmental stages of banana shoot tip explants 
regeneration (Fig. 1). 
Nine bacterial strains were isolated from the contaminated 
cultures. These contaminants of banana in vitro cultures and 
the essential biochemical tests are presented in Table (1). 
Four strains were gram positive, whereas the rest were gram 
negative. The gram positive isolated were Cellulomonas uda, 
Cellulomonas flarigena, Corynebacterium panrometabolum 
and Bacillus megaterium. The gram negative isolates were 
Staphylococcus spp., Klebsiella spp., Erwinia cypripedii, 
Pseudomonas spp. and Proteus spp. All of the nine bacterial 
strains were non spore former except Bacillus megaterium 
strain. Moreover, three bacterial strains out of nine isolated 
were exogenous bacteria (Proteus spp., Erwinia spp. and 
Staphylococcus spp.) and the rest were endophytic. In banana 
culture, Msogoya et al. (2012) identified only four exogenous 
and endophytic bacterial strains from the isolated bacteria 
contaminants. They isolated Proteus spp., Erwinia spp., 
Klebsiella spp. and Staphylococcus spp. The other isolated 
strains in this study have been frequently reported in other 
plant tissue cultures (Habiba et al., 2002 and Odutanyo et al., 
2007). 
Several workers (Meghwal et al., 2000 and Khane, 2003) 
indicated that exogenous bacteria are generally easy to 
eliminate using normal surface sterilization techniques. Being 
on plant surface, the occurrence of exogenous bacteria in 
plant tissue cultures in the present investigation may be due 
to an insufficient surface sterilization of explants, tools and 
culture jars. Moreover, the growth media, in which the plant 
tissues are cultivated, is a good source of nutrients for 
microbial growth. The endophytical strains like Cellulomonas 
and Klebsiella has been isolated in internal tissues of banana, 
maize and wheat (Markins et al., 2003). Khane et al. (2003) 
reported that endophytic bacteria are beneficial to host plants 
as they enhance plant defense against diseases but become 
problematic in tissue cultures when total asepsis is required. 
In this investigation, the presence of endophytic bacteria was 
noticed which might be due to the insufficient of surface 
sterilization of the explants. The elimination of endophytic 
bacteria may be effective when stronger and systemic 
sterilants such as mercuric are used. Four fungal genera were 
isolated from the contaminated culture throughout the 
experimental period. These genera were Fusarium spp., 
Aspergillus spp., Penicillium spp. and Candida spp. 
The isolated fungal contaminants found in this study have 
been frequently reported in plant tissue cultures (Msogoya et 
al., 2012). They are exogenously found in soil, water and 
plant surfaces (Cassels, 1996) and also as endophytes in some 
plant species (Suryanarayanan, et al., 2000). The later 
authors, found Fusarium solani and F. oxysporum as 
endophytic fungi in banana and pumpkin plants, while 
Penicillium spp. as well as Aspergillus flavus and A. niger 
were reported as exogenous fungus in internal tissues of 
mallow parts (Ödutayo et al., 2007). On the other hand, 
Hector and Domer (1983) reported that Candida is a genus of 
yeasts that only occurs in animals and humans as a harmless 
commensally or endosymbiont. 
Therefore, it is expected that the incidence of Cassells spp. 
in banana in vitro cultures in nanoparticles-free medium of 
this study might be due to an insufficient asepsis among 
workers during one or more stage of the developmental stage 
of the explants micropropagation. Similar conclusion was 
reported by Mosogoya et al. (2012). 
Similarly, the occurrence of exogenous fungal 
contaminants in banana in vitro cultures was possibly due to 
an inadequate surface sterilization during tissue culture 
operations. Several studies have also reported the incidence 
of exogenous fungal contaminants in plant in vitro cultures 
due to insufficient sterilization (Khane, 2003; Mosogoya et 
al., 2012). 
 
Culture susceptibility test of isolated microbial 
contaminants 
 
Data in Tables (3 a, b, c and d) of susceptibility test indicated 
that nanoparticles of Zn and ZnO were effective in the 
suppression of bacterial and fungal contaminants at all 
concentrations. The Nano Zn and ZnO are  broad-spectrum 
anti-bacterial and fungal agent that suppresses their growth. 
They are usually effective against a wide range of gram 
negative and gram positive bacteria as well as fungal 
contaminants. It could be mentioned that the effectiveness of 
Zn and ZnO against identified bacteria and fungi in this study 
was accompanied without having any advance effects on 




Table 1. Morphological and biochemical characterization as well as identification of the selected bacterial contaminants isolates of banana in vitro cultures (+= Positive result and -= Negative 
result). 












































































































































































Cellulomonas spp. 1 Rods (Short) + Non - + - - - - - - - + - 
Cellulomonas spp. 2 Rods (Short) + Non - + - + - - - - - + - 
Corynebacterium spp. 3 Rods (Long) + Non - + + - - - - - - + + 
Bacillus megaterium 4 Rods (Long) + Former - - - + + + - - - + - 
Staphylococcus spp. 5 Cocci + Non - - - + - + - + + + - 
Klebsiella spp. 6 Rods - Non - - - - - + - + + + + 
Erwinia cypripedii 7 Rods (Long) - Non + + - - - - - + + + + 
Pseudomonas sp. 8 Rods (Short) - Non - - - + - + + - - + + 










Fig 1. Effect of ZnO nanoparticles and MS-free nanoparticles 
on  microbial  contamination in in vitro culture of banana 
during shooting stage. 
 
formation. The Fusarium wilt of banana, caused by Fusarium 
oxysporum f. sp. cubense is an important disease in many 
parts of the world. This fungus has the ability to establish 
itself systemically in the xylem vessels of banana plants, 
causing vascular discoloration, yellowing and wilting 
symptoms. The Fusarium wilt of banana has been threatening 
for many years to the banana industry. The Fusarium wilt, 
which is also known as Panama disease, is the most important 
lethal disease of banana (Ploetz, 2006). Rare available 
information reported about the influence of nanoparticles on 
microbial suppression. In addition limited studies reported 
both positive and negative effects of nanoparticles on higher 
plants. It has been reported that only 2000 mg/L (among the 
concentrations of 20, 200 and 2000 mg/L) of the nano Al2O3 
suspensions has significant inhibitory effects on root 
elongation of five plant species (Yang and Watts 2005).  
However, there are increasing amount of research on the 
toxicology of nanomaterials. Some researchers have shown 
the toxicity of nanoparticles such as fullerene, carbon 
nanotubes and metal oxides to human cells, bacteria and 
rodents (Brunner et al., 2006; Lam et al., 2006; Soto et al., 
2006). But how nanomaterials affect living organisms 
remains unknown. Though, reactive oxygen species 
generation (ROS) and oxidative stress are proposed to 
explain the toxicity of inhaled nanoparticles (Nel et al., 
2006). A pioneering study of Oberdörster et al. (2005) to 
assess potential toxicity of nanomaterials on ecological 
terrestrial test species (plants, wildlife, soil invertebrates or 
soil microorganisms) showed that uncoated fullerenes exerted  
oxidative stress and caused several lipid peroxidation in fish 
brain tissue, a possible negative impact of nanomaterials on 
the health of aquatic organisms. There are still many 
unresolved issues and challenges concerning the biological 
effects of nanoparticles. Attentions to appropriate 
experimental design and interpretation are needed to provide 
a defensible scientific understanding of the biological effects 
of nanoparticles (Murashov, 2006). Therefore, further studies 
are needed to study the effects of nanoparticles as a microbial 
anti-agent on synthesis of cell protein and nucleic acid as 








In vitro regeneration 
 
Establishment of callus cultures 
 
Callus initiation was observed at the cut ends and wounded 
regions of the shoot tip explants after two weeks of culture. 
The whole surface of the explants was covered with the 
callus within 4 weeks of incubation. Fig. 1 shows that 
nanoparticles had a significant effect on the percentage of 
explants showing callus formation in shoot tip explants while 
the control without nanoparticles showed lowest response due 
to the microbial contamination of the media. The responded 
explants were died in control medium without subculturing 
on a fresh medium and had no ability to respond due to the 
contamination. The MS medium supplemented with nano Zn 
or ZnO particles at 100 mg/L resulted in the highest callus 
induction followed by nanoparticles at 200 mg/L. The best 
medium for callus induction from shoot tip explants was MS 
medium supplemented with 100 mg/L nano Zn which caused 
92% callus induction followed by treatment consisting of MS 
medium supplemented with 200 mg/L and 50 mg/L as well as 
nano ZnO inducing 79.5% and 63.1% callus, respectively. 
However, there was no significant difference between the two 
applied nanoparticles, comparing them with the 
corresponding level. The results showed that the callus 
obtained from shoot tip explants on MS medium 
supplemented with nanoparticles of Zn and ZnO at 100 and 
150 mg/L was compact, modular yellowish green in colour 
and showed good callus growth and had an ability to be 
developed by subculturing in the following steps. Similarly, 
callus obtained at 50 mg/L nano Zn and ZnO particles was 
compact, creamy yellow in color and showed good growth 
and had proliferation ability. 
 
Callus differentiation, shoot bud induction and shoot 
regeneration 
 
Callus derived from all experiments were cultured on callus 
differentiation and shoot regeneration media containing 
various concentration of nano Zn and ZnO particles. Data 
presented in Fig. 2 revealed that the regeneration potential, 
represented by number of shoots/callus piece, was increased 
with an increase in nanoparticles levels up to 100 mg/L. Less 
increase was noticed at 200 mg/L. Therefore, the highest 
number of shoots/callus piece were formed on MS basal 
medium supplemented with 100 mg/L nano particles 
followed by MS + 150 mg/L and MS + 50 mg/L. The lowest 
value of the regeneration value was detected in nanoparticles-
free media due to the microbial contaminants. The average 
number of shoots/callus piece reached to 2.5 shoots. In this 
study, increase of regeneration potential with nano Zn and 
nano ZnO may be due to the effect of Zn on plant growth. the 
Zn is an essential element for plants, animals and humans, 
but it is toxic at high levels with the effective concentrations 
(EC50- substrate Zn concentration resulting in 50% biomass 
reduction) from 43 to 996 mg/L among various plant species 
(Paschke et al., 2006). However, mechanism of nanotoxicity 
remained unknown. It would be closely related to the 
chemical composition, chemical structure, particle size and 
surface area of the nanoparticles. In this study, toxicity of 








                                     Table 2. Isolates fungi from banana in vitro cultures. 
Name of genus Name of species 
Fusarium spp. Fusarium solani 
Fusarium oxysporum 







Fig 2. Mean percentage values of the explant forming callus (EFC), callus forming shoots (CFS) (Shooting %), shoot forming roots 






different actions: (1) the chemical toxicity based on chemical 
composition, e.g. release of toxic ion; and (2) stress or stimuli 
caused by the surface, size and/or share of the particles. It 
was confirmed that solubility of oxide nanoparticles greatly 
affect the cell culture response (Brunner et al., 2006). 
 
Rooting and plantlets hardening 
 
Fig. 2 shows that the nanoparticles-free medium (control) did 
not cause rooting. The maximum rooting (89.0%), average 
number of roots per shoot (6.57%) and maximum average 
root length of 2.93 cm was achieved on medium containing 
nano Zn at 100 mg/L followed by 150 mg/L and nano ZnO at 
100 mg/L and 150 mg/L, respectively. The minimum rooting 
of 57%, average number of root per shoot 3.10 and lowest 
average root length of 1.61 was achieved on medium 
containing nano ZnO at 50 mg/L followed by nano Zn at the 
same level. Roots could contact nanoparticles directly. 
Therefore, rooting (number, length and weight) was affected 
by Zn and ZnO nanoparticles more than shooting. Moreover, 
rooting would have a dose-dependent response, whereas 
shoots could grow to a certain degree even though rooting 
was halted in the presence of nano Zn and nano ZnO in the 
cultures. Thus S/R ratio was increased. 
The same table also shows that the survival percent of 
plantlets was about 90% after 6 weeks of transfer to earthen 
pots containing soil and sand and remained constant 
thereafter, indicating treatment with Zn and ZnO 
nanoparticles caused successful establishment of tissue 
culture, raised number of plantlets accompanied with 
suppuration of microbial contaminants. 
On the other hand, the results show that none of the 
explants responded well to a nanoparticles of Zn and ZnO 
free medium. Additional Zn and ZnO nanoparticles to the 
medium suppressed the microbial contaminants without 
affecting on shoot tip explants in vitro regeneration. 
Furthermore, nanoparticles increased the regeneration 
potential of banana. Callus formation (%) was much higher 
compared to nanoparticles-free medium. Zn and ZnO 
nanoparticles at 100 mg/L were found to be satisfactory on 
prevention of microbial contaminants and produced healthy 
plants. In the case of nanoparticles-free medium, the explants 
did not produce healthy shoots and plantlets became yellow. 
Falkiner (1990) mentioned that the agents who act 
specifically on bacterial cell walls would be more suitable to 
control infection in plant tissue cultures. A possible 
explanation may be that Zn and ZnO nanoparticles inhibit 
bacterial cell wall synthesis preventing contamination.  
Consequently, the explants will be physiologically active 
greatly. Available information on nanotoxcity is scarce to 
reach any consensus on its mechanism, particularly for the 
nanoparticles used in this study (Zn and ZnO). Previous 
research data on the nanoparticles generally showed negative 
effects on the tested organisms such as cells, despite different 
test methods used (Wang et al., 2006). However, 
nanoparticles are preferable than the bactericide or fungicide 
due to their sensitivity, simplicity, low cost and suitability 
over unstable chemicals (Wang et al., 2001). 
Organogenesis is an outcome of the process of 
dedifferentiation followed by re-differentiation of cells. 
Dedifferentiation favors unorganized cell growth and the 
resultant callus has randomly divided meristems (Deepike 
and Komwar 2010). 
Oberdörster et al. (2005) indicated that dose-response curve 
of nano Zn and nano ZnO are “T” shaped. There was a 
threshold, below which no obvious symptom appeared. 
However, root length decreased with increasing dose after the 
threshold. Paschke et al. (2006) showed the phytotoxicity of 
nano Zn and nano ZnO on growth of radish, rape and 
ryegrass (less than 50mg/L). This was lower than the 
phytotoxic effect of Zn2+ on some plant species (65-156 
mg/L). 
Although, reports on phytotoxic effects of nanoparticles are 
scanty, the antifungal agent has been reported to suppress 
larval development in mussel in vitro culture (Owen et al., 
2010). However, both positive and negative effects of 
nanoparticles on higher plants were reported. It was pointed 
out that a mixture of nano scale SiO2 (nano SiO2) and TiO2 
(nano - TiO2) could increase nitrate reductase in soybean 
(Glycine max L.), enhance its abilities of absorbing and 
utilizing water and fertilizer, stimulate its antioxidant system 
and apparently hasten its germination and growth (Lu et al., 
2002). Nano-TiO2 was reported to promote photosynthesis 
and nitrogen metabolism and then greatly improve growth of 
spinach at a proper concentration (Hong et al., 2005 a, b; 
Zheng et al., 2005; Yang et al., 2006 b). After investigating 
the phytotoxicity of nano Zn and nano ZnO on microbial 
contaminants of in vitro banana tissue, with no impact on 
explants regeneration, it could be concluded that such 
materials can generate adverse biological effects in living 
cells. Particles in such a size (<100 nm) fall in the transitional 
zone between individual atoms or molecules and the 
corresponding bulk material, which can modify the 
physiochemical properties of the material e.g. performing 
exceptional feats of conductivity, reactivity and optical 
sensitivity. The side effects of nanoparticles are hardly 
known for it has not yet been used to suppress fungal 




Fig. 3 shows that proline concentration in all in vitro 
regeneration stages of banana explants increased gradually, in 
response to increasing nano Zn and nano ZnO. Low dose of 
nanoparticles (50 mg/L) caused about 4-fold increase in 
proline concentration. However, significant highest increase 
in proline concentration (about 8 fold) was observed at 200 
mg/L nanoparticles. The increase was highest under nano 
ZnO and the lowest under nano Zn. Moreover, proline 
concentration was increased gradually with advancement of 
the explants regeneration up to fully developed in vitro 
regenerated somaclones and thereafter tended to decrease in 
the acclimated one-month-old plantlets. The low proline 
concentration was found in induced callus stage and the 
highest in fully developed plantlets. Again, it could be 
mentioned that addition of nanoparticles used to the cultures 
media prevented bacterial and fungal contaminants and 
favored growth of in vitro regenerated somaclones of banana. 
Similar results were reported by Baskaran and Jayabalan 
(2009) who found that BVN fungicide prevented fungal 
contamination of the moist soil mixture. The use of 
biochemical markers, such as proline can be used for 
improving crop resistance to stress condition. Nanoparticles 






Table 3. Percentage of detected microorganism contaminants of banana in vitro cultures throughout the various regeneration stages 







F. solani F. 
oxysporum 





Check 22.80 a 27.93 a 14.25 a 12.75 a 7.81 a 3.28 a 26.05 a 
Zn 50 21.20 b 25.97 b 13.25 ab 11.86 ab 7.26 ab 3.05 a 24.23 b 
100 19.61 c 24.02 c 12.26 bc 10.97 bc 6.72 a-c 2.82 a 22.40 c 
 200 17.33 de 21.23 d 10.83 cd 9.69 d 5.93 b-d 2.49 a 19.80 d 
ZnO 50 18.70 cd 22.9 c 11.69 cd 10.46 cd 6.40 bc 2.69 a 21.36 c 
100 16.87 e 20.67 d 10.55 d 9.44 d 5.78 cd 2.43 a 19.28 d 
 200 14.14 f 17.32 e 8.84 e 7.91 e 4.84 d 2.03 ab 16.15 e 
Nano Zn 50 5.24 g 6.42 f 3.28 f 2.93 f 1.80 e 0.75 bc 5.99 f 
100 0.00 h 0.00 g 0.00 g 0.00 g 0.00 f 0.00 c 0.00 g 
 200 0.00 h 0.00 g 0.00 g 0.00 g 0.00 f 0.00 c 0.00 g 
Nano ZnO 50 4.79 g 5.87 f 2.99 f 2.68 f 1.64 e 0.69 bc 5.47 f 
100 0.00 h 0.00 g 0.00 g 0.00 g 0.00 f 0.00 c 0.00 g 







F. solani F. 
oxysporum 





Check 24.80 a 30.38 a 15.50 a 13.87 a 8.49 a 3.57 a 28.33 a 
Zn 50 23.06 b 28.25 b 14.42 ab 12.90 ab 7.90 ab 3.32 ab  26.35 b      
100 21.33 c 26.13 c 13.33 bc 11.93 bc 7.30 a-c 3.07 ab  24.37 c     
200 18.85 d 23.09 d 11.78 cd 10.54 d 6.46 cd 2.71 ab  21.53 d    
ZnO 50 20.34 c 24.91 c 12.71 cd 11.38 cd 6.97 bc 2.93 ab  23.23 c     
100 18.35 d 22.48 d 11.47 d 10.27 d 6.29 cd 2.64 ab  20.97 d    
200 15.38 e 18.84 e 9.61 e 8.60 e 5.27 d 2.21 b  17.57 e   
Nano Zn 50 5.70 f 6.99 f 3.57 f 3.19 f 1.95 e 0.00 c 6.52 f  
100 0.00 g 0.00 g 0.00 g 0.00 g 0.00 f 0.00 c 0.00 g 
200 0.00 g 0.00 g 0.00 g 0.00 g 0.00 f 0.00 c 0.00 g 
Nano ZnO 50 5.21 f 6.38 f 3.26 f 2.91 f 1.78 e 0.00 c 5.95 f  
100 0.00 g 0.00 g 0.00 g 0.00 g 0.00 f 0.00 c 0.00 g 












Check 24.00 a 29.40 a 15.00 a 13.43 a 8.22 a 3.45 a 27.42 a 
Zn 50 22.32 b  27.34 b 13.95 ab 12.49 ab 7.64 ab  3.21 ab 25.50 b  
100 20.64 c  25.28 c 12.90 bc 11.55 bc 7.07 a-c 2.97 ab 23.58 c  
 200 18.24 d  22.34 d 11.40 cd 10.20 d 6.25 cd  2.62 ab 20.84 d  
ZnO 50 19.68 c  24.11 c 12.30 cd 11.01 cd 6.74 bc  2.83 ab 22.48 c  
100 17.76 d  21.76 d 11.10 d 9.93 d 6.08 cd  2.55 ab 20.29 d  
 200 14.88 e  18.23 e 9.30 e 8.32 e 5.10 d  2.14 b 17.00 e  
Nano Zn 50 5.52 f  6.76 f 3.45 f 3.09 f 0.00 e 0.79 c 6.31 f  
100 0.00 g 0.00 g 0.00 g 0.00 g 0.00 e 0.00 c 0.00 g 
 200 0.00 g 0.00 g 0.00 g 0.00 g 0.00 e 0.00 c 0.00 g 
Nano ZnO 50 0.00 g 6.17 f 3.15 f 2.82 f 0.00 e 0.73 c 5.76 f  
100 0.00 g 0.00 g 0.00 g 0.00 g 0.00 e 0.00 c 0.00 g 
 200 0.00 g 0.00 g 0.00 g 0.00 g 0.00 e 0.00 c 0.00 g 











Check 22.36 a 27.39 a 13.98 a 12.51 a 7.66 a 3.22 a 25.55 a 
Zn 50 20.79 b 25.47  b  13.00 ab 11.63 ab  7.12  ab   2.99  a  23.76  b  
100 19.23 c 23.56  c  12.02 bc 10.76 bc  6.59  a-c  2.77  a  21.97  c  
 200 16.99 de 20.82  d  10.62 cd 9.51 d  5.82  b-d  2.44  a  19.42  d  
ZnO 50 18.34 cd 22.46  c  11.46 b-d 10.26 cd  6.28  a-c  2.64  a  20.95  c  
100 16.55 e 20.27  d  10.34 d 9.26 d  5.67  cd   2.38  a  18.90  d  
 200 13.86 f 16.98  e  8.66 e 7.75 e  4.75  d   1.99  a  15.84  e  
Nano Zn 50 5.14 g 6.30  f  3.21 f 2.88 f  1.76  e  0.74  b 5.88  f  
100 0.00 h 0.00  g 0.00 g 0.00 g 0.00  f 0.00  b 0.00  g 
 200 0.00 h 0.00  g 0.00 g 0.00 g 0.00  f 0.00  b 0.00  g 
Nano ZnO 50 4.70 g 0.00  g 2.93 f 2.63 f  1.61  e  0.68  b 5.36  f  
100 0.00 h 0.00  g 0.00 g 0.00 g 0.00  f 0.00  b 0.00  g 




Fig 3. Proline concentrations (µg/g fresh weight) of callus developed in vitro regenerated somaclones (RS) and one-month-acclimatized plantlets of 
banana in response to Zn and ZnO particles. 
 
 
Accumulation of proline in call and callus cultures exposed to 
stress condition has been reported by Alkayri and Al-
Bahrany, (2002) and Joshi et al. (2011). Concentration of 
proline gives better protection against biological unfavorable 
consequences. Proline may interact with enzymes to preserve 
protein structure and activities. The presence of high contents 
of proline gives better protection against biological 
unfavorable of dehydration-induced thermodynamic 
perturbation (Hamilton and Heckathom, 2001). 
Nanoparticles-treated somaclones showed higher amount of 
total chlorophyll and chlorophyll a/b ratio than the control. 
Total chlorophyll and chlorophyll a/b ratio were found to be 
highest in fully developed in vitro regenerated somaclones 
under control and nanoparticles treated somaclones. 
However, percentage increase was greater in acclimatized 
plants (Fig. 4). In Fig. (4), increased chlorophyll a/b ratio 
(under increasing total chlorophyll) during nanoparticles 
stress (treatment) signifies greater chl. a rather than chl. b. 
The chlorophyll a/b ratio is an indicator of the antenna sizes 
of PS I and PS II (Parida and Das, 2005). They added that, 
the core antenna contains only chl. a, whereas the outer 
antenna contains both chlorophyll a and chl, b. Therefore, 
higher chlorophyll a/b ratio in acclimatized plantlets than 
regenerated somaclones suggests greater efficiency of PS I 
and PS II antenna complex leading to better capacity of 
photosynthesis even under stress condition. In addition, the  
 
results indicated that nanoparticles may induce the 
somaclones to tolerate stress conditions. Our data indicated 
that the proline content of the regenerated somaclones was 
increased gradually in response to increased nanoparticles. 
Maximum proline content was observed in fully developed in 
vitro regenerated somaclones and the acclimatized plantlets 
and the lowest in callus and the embryogenic callus stages 
(very sensitive to nanoparticles stress). Under stress 
conditions, membrane integrity must be maintained to 
prevent protein denaturation (Joshi et al., 2011). The POX 
enzyme activities; however, significantly increase under 200 
mg/L dose of either nano Zn or nano ZnO particles. The 
increase was the highest in the full developed in vitro 
somaclones (shooting) and the lowest in acclimatized plants, 
one- month- age. This trend may be due to the increase in dry 
weight accumulation with advancement in plant age. The data 
also indicated that there are no significant differences 
between the effects of nano Zn and nano ZnO in this respect. 
Similar results have also been reported by Lu et al. (2002) 
who indicated that superoxide dismutase (SOD), Catalase 
(CAT) and peroxidase (POX) activity of the developed 
plantlets of soybean with a mixture of nano SiO and nano 
TiO2 treatment could be significantly increased, leading to 





Fig 4. Total chlorophyll concentrations (mg/g fresh weight) 
and Chl. a/b ratio of fully developed in vitro regenerated 
somaclones and one-month-acclimatized plantlets of banana 
in response to Zn and ZnO particles. 
 
 
have focused on the effects and mechanisms of nanoparticles 
on plant growth and its relation with oxidative enzymes, 
having a photo-catalyzed (Crabtree 1998) nano TiO2 under 
light which could cause an oxidation-reduction reaction and 
produce superoxide ion radical and hydroxide. These reactive 
oxygen species (ROS) can go after organic substance and be 
effective antimicrobial agents (Wang et al., 2001). Similar 
results were reported by Helaly and Hanan El-Hoseiny 
(2011) on stressed in vitro cultures of sweet orange. They 
achieved higher enzyme activity of superoxide dismutase 
(SOD), peroxidase (POX), ascorbic peroxidase (Apox), 
Catalase (CAT) and glutathione reductase (GR). Wang et al. 
(2001) confirmed that nano SiO2 treatment could be the cause 
of increased strength, resistance to disease and; thus, 
increased yield of rice (Tang and Cao, 2003). Zheng et al. 
(2005) reported that nano TiO2 treatment could markedly 
promote the vigor of aged seeds and chlorophyll formation of 
spinach, by which the ribulose biphosphate carboxylase 
activity and photosynthesis is obviously increased and the 
growth and development of spinach promoted. Similarly, our 
results indicated that addition of nano Zn and ZnO particles 
in the in vitro media prevents microbial contaminants and 
favored regenerating and plantlets growth. Moreover, the 
regenerated plantlets were successfully established (98%) in 
pots under field conditions. It is well known that 
photosynthesis is consistent with photo-catalyzed chemical 
reaction and enzyme catalyzed chemical reaction. As a photo-
catalyzed reaction, Hong et al. (2005 a and b) speculated that 
photosynthetic rate enhancement by nano TiO2; catalysis 
might be closely related to photochemical reaction activity 
such as the absorption of light energy, transforming light 
energy into electron energy, electron transport rate, oxygen 
evolution rate and photophosphorylation efficiency and so 
forth. In this study, it was observed that somaclones 
developed from nanoparticles Zn and ZnO treated calli 
attained greater growth and higher amount of proline, chl(s) 
and a/b ratio, compared to control. Proline may interact with 
enzymes to preserve protein structure (Joshi et al., 2011). A 
higher proline content confers better protection against 
biologically unfavorable of dehydration-induced 
thermodynamic perturbation (Hamilton and Heckathom, 
2001). 
 
Materials and Methods      
 
This study was carried out at the Plant Tissue Culture 
Laboratory, Horticultural Research Institute, Ministry of 
Agriculture, Agricultural Research Center (A. R. C). and the 
Laboratories of Agric. Bot. Dept. and Plant Pathology Dept., 
Faculty of Agric., Mansoura Univ., Egypt during the period 
from Jan. 2012 to March 2013. 
 
Isolation, identification and characterization of microbial 
contaminants 
 
At the end of each culturing period, the developed bacterial 
and fungal contaminants were isolated from banana cultures 
and transferred to specific medium. Bacterial isolates were 
aseptically streaked onto sterile nutrient agar medium and the 
cultures were incubated at 25±1oC for 24 hr(s). Pure bacterial 
isolates were obtained by repeated subculturing using a serial 
dilution technique (Collins and Lyne, 1984). 
Fungi were prepared for examinations under a stereoscopic 
binocular microscope (6-50 X) to study their characters. 
When necessary the compound microscope was used to 
confirm the identification after having examined the 
morphology of conidia and conidiophores. Fungi presented 
on infested jars were identified by means of comparison with 
the description sheets of Commonwealth Mycological 
Institute, Kew, Surrey, England (CMI), Danish Government 
Institute of Seed Pathology (DGISP) publications as well as 
publications of Raper and Fennel, 1965; Ellis, 1971; 
Moubasher, 1977; Booth, 1985; Burrges et al., 1988; and 
Singh et al., 1991. 
The purified bacterial isolates were observed under 
microscope after staining for morphological characterization 
based on vegetative cell chap, gram reaction and presence or 
absence of spores. In addition, essential biochemical tests 
were conducted per standard methods namely; methyl red, 
arginine hydrolase, starch hydrolysis, casein hydrolysis, 
fluorescent pigments, lactose, citrate and catalase productions 
(Collins and Lyne, 1984; Krieg and Holt, 1984 and Sneath et 
al., 1986). 
For identification, characterized bacterial strains were 
compared with the standard strains of Bergey's Manual 
(Krieg and Holt, 1984 and Sneath et al., 1986). The key 
proposed by Bradbury (1988) was also followed. Fungal 
isolates were aseptically transferred onto Petri-dishes 
containing potato dextrose agar (PDA) growth medium. The 
cultures were incubated at 25±1oC for 5-15 days. The fungal 
isolates were purified by repeated subcultures onto fresh 
growth medium (PDA). Slides of pure fungal isolates were 
prepared and stained with lactophenol cotton blue for 
identification of the isolates based on microscopic 
morphological appearance of conidiophores and conidia 












Mother plant sources and explant material 
 
Mother plants, 3-years-old banana; Musa paradisiacal L. (M. 
acuminate × M. balbisiana) cv. Grand Nain were used as an 
experimental material. Small suckers of about 60-70 cm in 
length were carefully removed from the mother plants grown 
in Agricultural Research and taken immediately to the labs. 
Shoot tips (explants) were prepared by removing the outer 
layer tissues from the suckers. The pale white tissue blocks 
containing the shoot tips and rhizomatous bases were surface 
sterilized with three disinfectants; Sodium Hypochlorite 
(NaOCl 80%), Ethanol 95% and Mercuric Chloride (HgCl2 
0.1%) for 15 mins, respectively. 
 
Nanoparticles examined and preparation 
 
Two types of nanoparticles were examined denoted as nano 
Zn and nano ZnO (MN6Z) at purity of 99.9%. Zn nanoscale 
metal (diameter 35 nm) was purchased from Zunye 
(Nanomaterials Co. Ltd. Shenzhea, China). Nanoscale ZnO 
was from Hongchen (Material Sci. and Tech. Co. Ltd. 
Zhejiang, China). The surface area provided by the producers 
was 40±10 and 50±10 m2/g for nano Zn and nano ZnO, 
respectively. 
The nanoparticles used were suspended directly onto 
deionized water and dispersed by ultrasonic vibration (100 
W, 40 KHz) for 30 min. Small magnetic bars were placed in 
the suspensions for stirring before use to avoid aggregation of 
the particles. The nanoparticles suspensions after 
centrifugation (3000 g for 1h) and filtration (0.7 µm glass 
filter) were used for the treatments. Three levels of each 
nanoparticled were used in addition to the control denoted 0 






To study the callogenic response and microbial contaminants 
in the presence and absence of Zn and ZnO nanoparticles, 
sterilized shoot tips explants were cultures on MS (Murashige 
and Skoog, 1962) basal media supplemented with sucrose (30 
g/L), 2, 4 D (2 mg/L) and one of each nanoparticles graded 
levels. The final pH was adjusted to 5.8. Each treatment was 
replicated 5 times (5 Jars), each jar with 3 explants and the 
experiment was replicated three times. The media were 
solidified with 7 g/L agar (Defco, India). Cultures containing 
specific media were disperses in jars (325 ml) at the rate of 
50 ml/jar, capped and autoclaved (at 121o C at 15 Ibs/insh2) 
for 15 min and incubated at 25±1o C for 6 weeks with two 
sub-culturing. At the end of callus induction period, bacterial 
and fungal contaminants were characterized and identified 
and the infection percentage calculated. Moreover, callus 
induction frequency estimated as follows as the percentage of 
explants that produce callus (Lee et al., 2009). Callus colors 
and types proliferation were also recorded. 
 
Callus proliferation and shooting  
 
Calli obtained from each treatment were cut into small pieces 
(about 0.8 cm3) and subsequently transformed on to free 
auxin MS specific media (contained one of each 
nanoparticles graded levels) supplemented with BA (3mg/L). 
Similarity, each treatment consisted of five replicates (culture 
jars) and the experimental unit cultured at the rate of five 
callus pieces/jar. All cultures were maintained at the same 
conditions used for callus proliferation. After shoot but 
differentiation (4 weeks), the embryogenic calli pieces along 
with the shoot buds were separated and transformed to the 
subculture on same corresponding specific freshly media 
prepared for shooting regeneration. Incubation was taken 
place for 12 weeks with 3 subculturing. At the end of 
shooting stage, the observations were taken for microbial 
contaminants, percentage emberyoginic callus pieces 
showing shoot bud induction and average number of 
shoots/callus piece. 
 
Rooting and plantlets acclimatization 
 
Regenerated and developed shoots (3-4 cm in length) were 
excised from the emberyogenic callus, transformed and 
cultured on half strength MS media supplemented with one of 
the different levels of nano Zn and nano ZnO examined and 
IBA (3 mg/L), activated charcoal (0.5 g/L) and pH adjusted 
to 5.8. The cultures were incubated at the growth room and 
maintained under the same conditions previously mentioned. 
Each treatment consisted of 5 replicates (experimental unit), 
each with 3 shoots/jar. The experiment was replicated thrice 
and the observation were recorded after two weeks of 
incubation for microbial contaminants, percentage of rooting 
based on number of shoots forming roots, number of roots 
per shoot and length of roots. For acclimatization, the 
obtained plantlets were removed from the media, gently 
washed with tap water and selected based on their size. 
Plantlets showed well-developed root system (4-5 cm in 
length) and planted individually in plastic pots (5.5 x 6.5 cm; 
tyrpido) containing sterilized peat moss + sand + perlite (1: 1: 
1 v/v) and irrigated with one tenth MS solution devoid of 
sucrose in a humid chamber at 26±1oC under 16/8 day/night 
cycle. One month later, the potted plantlets were grown under 
greenhouse conditions, covered with transparent plastic bags 
to maintain the humidity. Acclimatization to the external 
environmental was done by removing the transparent plastic 
bags gradually to reduce humidity. After 4 weeks, the 
observation for microbial contaminants, percentages of the 
survival plants, fresh and dry weights of the plantlets were 
recorded. In addition, total chlorophyll was isolated and 
determined as given by Arnon (1949). Total proline was 
detected as described by Bates et al. (1973). Antioxidant 
enzyme activities were also determined. 
 
Antioxidant enzymes activity 
 
Antioxidant enzymes activity (unit/g F. Wt.) were extracted 
from the plant material in a phosphate buffer (Inskeep and 
Bloom, 1985) and assayed using the methods of Beauchamp 
and Pridovich (1971), Herzog and Fahimi (1973) and 
Bergmeyer (1970) for superoxide dismutase (SOD) (EC 
1.15.1.1), peroxidase (POX) (EC 1.11.1.x) and catalase 




The experimental design for each treatment was randomized 
complete blocks system as each was replicated thrice and all 
data recorded on different parameters were subjected to 
analysis of variance (Gomez and Gomez, 1984). Each of the 
experimental mean values was compared to its corresponding 
control. Differences among treatment means were statistically 
analyzed using the least significant differences test (LSD) at 








In this study, we tested phototoxicity of nano Zn and nano 
ZnO on microbial contaminants in banana in vitro cultures 
and examined the explants regeneration rate.  It was found 
that nano Zn and nano ZnO particles have significant 
inhibitions on bacterial as well as fungal contaminants and 
significantly prevent their growth. No marked negative 
effects on explants regeneration was noticed even at 200 
mg/L nanoparticles in the growth media. Nanoparticles 
concentrations used were most likely lower than the threshold 
values and did not show any negative effect on banana 
regeneration. Further investigation should be directed to 
phototoxicity mechanisms in microorganisms and higher 
plant species. In addition, further studies are required to 
investigate the adverse side-effects of nanoparticles on 
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